We have taken resonance Raman spectra and made absolute Raman cross section measurements at six excitation wavelengths for 1-iodopropane. The resonance Raman spectra have most of their Raman intensity in features that may be assigned as fundamentals, overtones, and combination bands of three Franck-Condon active vibrational modes ͑the nominal C-I stretch, the nominal CCC bend, and the nominal CCI bend͒ for the trans and gauche conformations of 1-iodopropane. The resonance Raman and absorption cross sections of the trans and gauche conformations of 1-iodopropane were simulated using a simple model and time-dependent wave packet calculations. The results of the simulations were used in conjunction with the vibrational normal-mode coefficients to find the short-time photodissociation dynamics of trans and gauche conformers of 1-iodopropane in terms of internal coordinate changes. The trans and gauche conformers display significantly different Franck-Condon region photodissociation dynamics, which indicates that the C-I bond breaking is conformational dependent. In particular, there are large differences in the trans and gauche short-time photodissociation dynamics for the torsional motion (xGBx) about the GB carbon-carbon bond and the GBC angle ͑where Cϭ␣-carbon atom attached to the iodine atom, Bϭ␤-carbon atom attached to the ␣-carbon atom, Gϭmethyl group carbon atom attached to the ␤-carbon atom͒. The major differences in the trans and gauche A-band short-time photodissociation dynamics can be mostly explained by the position of the C-I bond in the trans and gauche conformers relative to the plane of the three carbon atoms of the n-propyl group of 1-iodopropane.
I. INTRODUCTION
The photodissociation of iodoalkanes in the first absorption band ϳ260 nm has been studied for a long time as a model for direct photodissociation reactions. Photofragment anisotropy measurements have shown that the C-I bond breaking occurs much faster than the rotational period of the parent iodoalkane. [1] [2] [3] [4] [5] [6] [7] [8] The A-band absorption spectra of the iodoalkanes is smooth and featureless in both the gas and solution phases, which is also consistent with a very short excited state lifetime. [9] [10] [11] The A-band absorption consists of three transitions: the 3 Q 0 , the 1 Q 1 , and the 3 Q 1 . 10, 11 The 3 Q 0 transition accounts for most of the A-band absorption oscillator strength and correlates with the formation of excited state iodine atoms (I*). However, an electronic nonadiabatic curve crossing of the 3 Q 0 state by the 1 Q 1 state can give rise to a substantial amount of ground-state iodine atoms ͑I͒ being formed. 8, [12] [13] [14] [15] [16] [17] [18] The A-band photodissociation of iodoalkanes has been intensely investigated both experimentally and theoretically in order to make clear the photodissociation dynamics and the branching ratio of the 3 Q 0 and 1 Q 1 curve crossing.
The smallest iodoalkane, iodomethane, has been the most studied iodoalkane and many experimental and theoretical studies have been carried out. Magnetic circular dichroism experiments 10 showed that the 3 Q 0 transition is located near the middle of the absorption band and has about 70%-80% of the oscillator strength, while the 3 Q 1 and the 1 Q 1 transitions have the remaining oscillator strength and are located near the red and blue edges of the absorption band, respectively. Real-time femtosecond pump-probe experiments have shown that the iodomethane photodissociation is complete in less than 100 fs. 19, 20 Several high resolution time-of-flight photofragment spectroscopy experiments 2, 3 showed that some internal energy of the methyl radical fragment is in the umbrella mode vibration. Multiphoton ionization ͑MPI͒, [21] [22] [23] diode laser absorption, 24 coherent anti-Stokes Raman scattering, 25 and other experiments 26 have been done to measure the vibrational and rotational state distributions of the methyl radical photoproduct. Several different groups have used resonance Raman spectroscopy [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] to examine the vibrational mode-specific short-time photodissociation dynamics. The resonance Raman spectra [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] were dominated by a long overtone progression in the C-I stretch mode and a very small combination band progression of the CH 3 umbrella mode plus C-I stretch overtones. This was qualitatively consistent with the initial photodissociation dynamics mostly stretching the C-I bond with a flattening of the CH 3 dihedral angles at longer times. Depolarization ratio measurements of the resonance Raman spectra have also been obtained in order to examine contributions from electronic states other than the 3 Q 0 state to the spectra, and to investigate possible effects due to the 3 Q 0 and 1 Q 1 curve crossing. 29, 30, 34 In addition to the gas phase resonance Raman a͒ Author to whom correspondence should be addressed. studies, resonance Raman spectra of iodomethane have also been taken in several different solvents [31] [32] [33] in order to investigate environmental effects on the short-time photodissociation dynamics. Several models of iodomethane photodissociation with various potential energy surfaces have been used with reasonable success to interpret and simulate the large and diverse amount of experimental data available for the iodomethane A-band photodissociation. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Recently, a fully quantum mechanical simulation of the photodissociation dynamics using highly accurate ab initio potential energy surfaces to model much of the available experimental data has been reported 45, 46 and it appears that the main features of the iodomethane A-band photodissociation are fairly well understood.
Iodoalkanes other than iodomethane have not been investigated in nearly as much detail. Examination of different iodoalkanes and substituted iodoalkanes allows one to investigate how the molecular structure and substituents change the photodissociation dynamics, energy partitioning to the photofragments, and the 3 Q 0 to 1 Q 1 curve crossing probability. Time-of-flight photofragment spectroscopy experiments [1] [2] [3] [4] [5] [6] [7] [8] [47] [48] [49] [50] [51] [52] [53] [54] [55] have been done for a number of different iodoalkanes. These studies showed that as the alkyl group becomes more massive and/or more branched in structure, the amount of the energy available from the photodissociation that goes into internal excitation of the alkyl fragment increases. Several experimental methods ͑laser gain measurements, broadband photolysis, optoacoustic spectroscopy, infrared emission, vacuum ultraviolet laser induced fluorescence, and infrared absorption͒ have been used to measure the I*/I ratio as a function of the mass and structure of the parent iodoalkane. [12] [13] [14] [15] [16] [17] [18] [56] [57] [58] [59] [60] [61] [62] [63] These experiments showed that as the parent iodoalkane becomes more massive and/or branched, more I photoproduct is formed. A simple Landau-Zener model of the 3 Q 0 to 1 Q 1 curve crossing probability has been used to semiquantitatively explain the inclination toward more curve crossing to produce I photoproduct as the mass of the iodoalkane increases. 6, 18 The 3 Q 0 to 1 Q 1 curve crossing probability will also have some dependence on the energy partitioned to internal excitation of the alkyl group: as more of the available energy of the photodissociation goes into internal excitation of the alkyl group, there will be less energy going into translation of the photofragments, and the curve crossing probability increases. Thus, there is also an increase in the I photoproduct as the branching of the iodoalkane increases but the mass is the same ͑for example 1-iodopropane and 2-iodopropane͒.
The energy disposal of the A-band iodoalkane photodissociation reactions has been described by two simple models for the photodissociation dynamics called the ''rigid radical'' model and the ''soft radical'' model. 1, [4] [5] [6] The ''rigid radical'' model assumes that the alkyl radical keeps the same structure throughout the dissociation and thus only allows internal excitation of the rotational degree of freedom of the alkyl radical. The ''soft radical'' model assumes that the ␣-carbon atom is very loosely attached to the rest of the alkyl group and the C-I bond dissociation can lead to internal excitation of both rotational and vibrational degrees of freedom. Most of the iodoalkanes appear to be closer to the ''soft radical'' model of the C-I bond dissociation than the ''rigid radical'' model. 1, [4] [5] [6] However, these descriptions of the photodissociation dynamics are too simplistic to be very realistic and better models need to be developed. Resonance Raman spectroscopy can be used to explore the short-time photodissociation dynamics in terms of internal coordinate changes. Resonance Raman spectra have been obtained for a number of dihalomethanes and higher iodoalkanes, with some of these molecules being studied in both gas and solution phases. 36, [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] These spectra showed that as the mass and/or the iodoalkane structure becomes more branched there is more intensity in nominal non-C-I stretch combination bands with the C-I stretch overtones compared to the C-I stretch overtone progression intensity. This could be due to more mixing of the internal coordinate motions in the normal coordinate descriptions of the Franck-Condon active modes and/or changes in the photodissociation dynamics as the iodoalkanes become larger and/or more branched. Several dihaloalkanes and higher iodoalkanes have had their resonance Raman intensity analysis combined with normalmode descriptions to obtain the early-time photodissociation dynamics in terms of internal coordinate changes. 67, [72] [73] [74] [75] [76] [77] These results indicated that the C-I bond breaking occurs on a similar time scale as vibrational motions in the rest of the molecule. 67, [72] [73] [74] [75] [76] [77] The initial dynamics appeared to be in between the two simple ''soft radical'' and ''rigid radical'' models of photodissociation and could possibly be better described by a ''semirigid radical'' model of the dissociation which takes into account the strengths of different bonds. 1, 67, [72] [73] [74] [75] [76] [77] There have not been very many investigations of the effect of geometrical conformation on the A-band photodissociation of iodoalkanes. A time-of-flight photofragment spectroscopy study has measured the translational energy distributions of the I* and I fragments formed from A-band photodissociation of iodocyclohexane. 78 This study found that the axial conformer gets 6.0Ϯ0.8 kcal/mol more translational energy than the equatorial conformer. 78 This suggests that the cyclohexyl radical formed from the A-band photodissociation of the equatorial conformation of iodocyclohexane has more internal excitation than the cyclohexyl radical from the A-band photodissociation of the axial conformation of iodocyclohexane. The two different geometrical conformations of iodocyclohexane ͑axial and equatorial͒ showed distinctly different energy disposal for the direct C-I bond breaking process, and it appears that geometrical conformation can significantly affect the photodissociation reaction and associated dynamics. 78 Single bond rotational conformers of 1-iodopropane ͑trans and gauche͒ have been investigated in the gas phase using resonance Raman spectroscopy. 65 The resonance Raman spectrum of 1iodopropane showed more intensity in bending mode combination bands with the nominal C-I stretch progression for the trans conformer than the gauche conformer. The differences in the trans and gauche resonance Raman spectra of 1-iodopropane appeared to be due to the different short-time photodissociation dynamics of the two different conformations. We have recently carried out a more extensive study of 1-iodopropane in cyclohexane solution in order to do a more detailed analysis of the apparent differences of the trans and gauche resonance Raman spectra of 1-iodopropane. We have obtained a partial Raman excitation profile and absolute Raman cross section measurements and then simulated the experimental absorption and resonance Raman cross sections with time-dependent wave packet calculations using a simple model. We have also done a normal coordinate calculation to find the normal-mode coefficients so as to convert the shorttime photodissociation dynamics into easy to visualize internal coordinate changes ͑bond length and bond angle changes͒. This provides a very detailed view of the initial photodissociation dynamics of trans and gauche 1iodopropane not available before, and helps elucidate the main similarities and differences between the A-band direct C-I bond breaking process due to different geometrical conformations.
II. EXPERIMENT
The samples for the resonance Raman experiments were made from spectroscopic grade cyclohexane solvent and 99% pure 1-iodopropane ͑Aldrich Chemical Company͒. Sample solution concentrations ranging from 0.10 to 0.25 M 1-iodopropane in cyclohexane solvent were used to take the resonance Raman spectra. The experimental setup and methods used to take the resonance Raman spectra have been detailed previously [69] [70] [71] [72] [73] [74] [75] and only a short description will be given here. The second, third, and fourth harmonics of a Nd:YAG laser ͑Spectra-Physics GCR-150-10͒ were used to generate several different hydrogen Raman shifted laser lines which were used as excitation frequencies for the resonance Raman experiments. A laser beam with 100-200 J was loosely focused to ϳ0.5 mm diameter onto a flowing liquid or gas sample, and a ϳ130°backscattering geometry with the laser beam wave vector perpendicular to the scattering plane was used to collect the resonance Raman scattering. Reflective optics ͑an ellipsoidal mirror with f 1.4 and a flat mirror͒ were used to collect the Raman scattered light and pass it through a depolarizer and the entrance slit of a 0.5 meter spectrograph. The 0.5 meter spectrograph used a 1200 groove/mm grating blazed at 250 nm to disperse the Raman scattered light onto a liquid nitrogen cooled charge coupled device ͑CCD͒ attached to the exit port of the spectrograph. The Raman signal was collected for about 90 to 120 s before being read out to a PC clone computer connected to the CCD, and about 10 to 30 of these readouts were added together to give the resonance Raman spectrum.
The known frequencies of the solvent cyclohexane Raman lines were used to calibrate the Raman shifts of the resonance Raman spectra. The methods outlined in Ref. 79 were used to correct the resonance Raman spectra for reabsorption of the Raman scattered light by the sample, and an appropriately scaled solvent spectrum was subtracted from the resonance Raman spectra to remove solvent lines. The sensitivity of the whole collection system as a function of wavelength was corrected for by taking spectra of an intensity calibrated deuterium lamp, and comparing its spectrum to the known intensity spectrum for that lamp to deduce the correction factors for the resonance Raman spectra. Sections of the resonance Raman spectra were fitted to a baseline plus a sum of Lorentzian or Gaussian peaks to find the integrated areas of the resonance Raman bands.
The absolute resonance Raman cross sections of 1iodopropane in cyclohexane solvent were measured relative to the previously determined Raman cross sections of the 802 cm Ϫ1 Raman peak of the cyclohexane solvent. 80, 81 An ultraviolet ͓UV/VIS ͑visible͔͒ spectrometer was used to determine the concentrations of the 1-iodopropane/cyclohexane sample solutions before and after the Raman cross section measurements. These measured absorption spectra displayed changes of less than 5% during the absolute Raman cross section measurements due to solvent evaporation and/or sample photodecomposition. The average concentration found from the before and after absorption spectrum for each Raman measurement was used to calculate the absolute Raman cross sections. The average of three trials of the absolute Raman cross section measurements for each wavelength was used to find the final value.
III. THEORY AND CALCULATIONS
We have simulated the absorption spectrum and absolute resonance Raman cross sections for the A-band of 1iodopropane using a fairly simple model in order to elucidate the major differences and/or similarities in the short-time photodissociation dynamics of the trans and gauche conformations of 1-iodopropane. The model and calculations presented here are not intended to be a complete description of the absorption and resonance Raman spectra, but will provide a simple beginning to better learn the vibrational-mode specific dynamics associated with the initial C-I bond cleavage in the trans and gauche conformers of 1-iodopropane. Our simulations will also be a useful reference to which more complicated treatments can be compared in order to assess the importance of effects like possible Duschinsky rotation of normal coordinates, coordinate dependence of the transition dipole moment, and others.
Since the time for single bond rotation is on the order of picoseconds, and the photodissociation of direct C-I bond cleavage in iodoalkanes is typically Ͻ100 fs, the rotational conformers of 1-iodopropane probably do not interconvert during the A-band photodissociation. The experimentally observed absorption spectrum and the resonance Raman spectra can be thought of as a sum of the absorption spectrum and resonance Raman spectrum of the trans conformer and the gauche conformer molecules. The molecules of 1iodopropane that are in the trans conformation at the time of photoexcitation will give rise to a trans absorption and resonance Raman spectrum, and the molecules in the gauche conformation at the time of photoexcitation will give rise to a gauche absorption and resonance Raman spectrum. The absorption spectra and resonance Raman cross sections were calculated for each conformation, and the results for the two conformations were added together to give the total absorption and resonance Raman cross sections that were fit to the experimentally observed absorption spectrum and resonance Raman cross sections.
The absorption spectrum of each conformer was calcu-lated using a time-dependent formalism [82] [83] [84] [85] [86] and the following equation:
Similarly, the resonance Raman cross sections of each conformer were computed from this equation:
where P i is the initial Boltzmann population of the groundstate energy level ͉i͘ which has energy i , f is the final state for the resonance Raman process, and f is the energy of the ground-state energy level ͉ f ͘, E L is the incident photon energy, E s is the scattered photon energy, n is the solvent index of refraction, M is the transition length evaluated at the equilibrium geometry, and ␦(E L ϩ i ϪE s Ϫ f ) is a delta function to add up cross sections with the same frequency. ͉i(t)͘ ϭe ϪiHt/ប͉ i͘ which is ͉i(t)͘ propagated on the excited state surface for a time t and H is the excited state vibrational Hamiltonian. The exp͓Ϫg(t)͔ term in Eqs. ͑1͒ and ͑2͒ is a damping function dependent on the electronic dephasing in the molecular system. For A-band 1-iodopropane this is expected to be mostly direct photodissociation population decay with some solvent dephasing. Addition over a groundstate Boltzmann distribution of vibrational energy levels was used in calculating the absorption and resonance Raman cross sections in Eqs. ͑1͒ and ͑2͒.
We used harmonic oscillators displaced by ⌬ in dimensionless normal coordinates to approximate the ground and excited state potential energy surfaces and assumed the Condon approximation. When no vibrational recurrences are allowed, the resonance Raman intensities of the first several overtones and combination bands ͑as well as the absorption spectrum͒ are determined primarily by the slope of the excited state surface in the Franck-Condon region. The structureless gas and solution phase A-band absorption spectra of 1-iodopropane suggests that the total electronic dephasing is mainly due to direct photodissociation prior to the first vibrational recurrence. A direct photodissociation reaction was simulated by truncating the wave packet propagation after 40 fs so as to not allow any significant recurrences of the wave packet to the Franck-Condon region. The ͗ f ͉i(t)͘ overlaps decay and reach a negligible value after 30 fs for the reso-nance Raman peaks observed in our experimental spectra. The effects of solvent dephasing collisions on the absorption and resonance Raman cross sections were modeled by an exponential decay with the dephasing time and the exp ͓Ϫg(t)͔ term in Eqs. ͑1͒ and ͑2͒ replaced by exp͓Ϫt/͔. The bound harmonic oscillator model for the excited state does not imply the excited state is bound, but only provides us with a convenient way to mimic the part of the excited state surface in the Franck-Condon region that determines the resonance Raman intensities and absorption spectrum.
The potential parameters used in Eqs. ͑1͒ and ͑2͒ are typically given in terms of dimensionless normal coordinates. The normal coordinate motions were converted into internal coordinate motions so as to easily visualize the short-time photodissociation dynamics in terms of bond length and bond angle changes. At time t after excitation to the electronic excited state ͑and undergoing separable harmonic dynamics͒, the center of the wave packet can be described in dimensionless normal coordinates by
where the time, t, is in units of fs, the vibrational frequency, ␣ , is in units of fs Ϫ1 , and we fix q ␣ ϭ0 for each mode ␣ at the ground electronic state equilibrium geometry. The internal coordinate displacements at different times t are then obtained from the dimensionless normal mode displacements, q ␣ (t), by:
where s i are the displacements of the internal coordinates ͑bond stretches, bends, torsions, and wags as defined by Wilson, Decius, and Cross͒ from their ground electronic state equilibrium values, A ␣i is the normal-mode coefficient (‫ץ‬s i /‫ץ‬Q ␣ ) with Q ␣ ϭthe ordinary dimensioned normal coordinate, and ␣ is the vibrational frequency in units of cm Ϫ1 . The normal-mode vectors of trans and gauche 1iodopropane were computed from an adapted version of the Snyder and Schactschneider FG ͑force constant, geometry matrices͒ program. 87 Previously published ground-state geometries and valence force fields 88 were adjusted a small amount to better fit the vibrational frequencies. The adjusted force field gave a root-mean-square ͑rms͒ frequency error of 3.57 cm Ϫ1 for the trans conformation and 4.10 cm Ϫ1 for the gauche conformation of 1-iodopropane. 
IV. RESULTS AND DISCUSSION
A. Absorption spectra Figure 1 shows the absorption spectrum of 1iodopropane in cyclohexane solution with the excitation wavelengths for the resonance Raman experiments indicated above the absorption spectrum. The absorption spectrum of 1-iodopropane is broad and featureless in both the gas and solution phases as is typical of the A-band absorption spectra of iodoalkanes. 9, 68 The anisotropies of the photofragments of A-band 1-iodopropane gas phase photodissociation measured by Godwin, Paterson, and Gorry 6 show that the initial absorption is parallel polarized and suggests that the n →* 3 Q 0 transition accounts for most of the A-band absorption oscillator strength. The A-band absorption of 1iodopropane is composed of contributions from trans and gauche conformers of 1-iodopropane. At room temperature in cyclohexane solution the relative populations of the trans and gauche conformers ͑45.3% for trans and 54.7% for gauche͒ were estimated from the relative intensities of the trans and gauche C-I stretch fundamental peaks in the FT͑Fourier-transform͒-Raman spectra. It is interesting to note that the band shape and width of the A-band absorption of 1-iodopropane is very similar to other iodoalkanes which do not have geometric conformers. This suggests that the trans and gauche conformers of 1-iodopropane have absorption transitions that are close in frequency to one another and probably have band shapes similar to other iodoalkanes. Figure 2 gives an overview of the A-band resonance Raman spectra of 1-iodopropane in cyclohexane solution. marked by asterisks. The larger Raman peaks in the spectrum of Fig. 3 have been labeled with tentative peak assignments based on previously reported Raman and infrared ͑IR͒ spectra. 88 Since several different Raman bands can have almost the same peak positions, the intensity of a particular Raman feature can have several different Raman bands con-tribute to the Raman peak. Thus, the labels for the peak assignments in Fig. 3 only show the largest Raman band contributions to each Raman peak. Almost all of the resonance Raman peaks of the A-band resonance Raman spectra of 1-iodopropane can be assigned to fundamentals, overtones, and combination bands of three Franck-Condon active modes for the trans and gauche conformers: the nominal C-I stretch ( 14 ), the nominal CCC bend ( 15 ), and the nominal CCI bend ( 16 ) for the trans conformer and the nominal C-I stretch ( 23 ), the nominal CCC bend ( 24 ), and possibly the nominal CCI bend ( 26 ) for the gauche conformer. Some of the gauche and trans Raman peaks are well separated from one another, but many are not clearly resolved from one another and appear as one Raman feature that is the sum of both gauche and trans Raman bands. Table  II shows the Raman peak positions and absolute Raman cross sections for 18 Raman features that account for most of the Raman intensity in the resonance Raman spectra between 150 and 2500 cm Ϫ1 . The overtone progression of the nominal C-I stretch mode ͑n 14 for trans and n 23 for gauche͒ is the most intense progression of Raman bands in the A-band resonance Raman spectra, and their combination bands with the nominal CCC bend and nominal CCI bend account for most of the remaining Raman intensity. This intensity pattern is similar to that observed for other closely related iodoal- Estimated uncertainties for the experimental measurements are about 20% for cross sections 0.80 and higher, 30% for cross sections between 0.10 and 0.80, and 50% for cross sections lower than 0.10.
B. Resonance Raman spectra
kane A-band resonance Raman spectra 66-68 ͑iodoethane, 2iodopropane, and 2-iodo-2-methyl propane͒ which display most of their Raman intensity in the nominal C-I stretch overtone progression (n C-I ) and its combination band with the nominal CCI bend mode ( CCI ϩn C-I ). We also note that our solution phase 1-iodopropane A-band resonance Raman spectra are similar to a previously reported gas phase 1-iodopropane resonance Raman spectrum 65 and our peak assignments are in general agreement with the previous gas phase study. Examination of the resonance Raman spectrum of Fig. 3 and the intensity data of Table II reveals that the intensity patterns of the gauche and trans conformations appear to be different, and this could suggest that the short-time photodissociation dynamics of the trans and gauche conformers are significantly different. However, the multidimensional character of the excited state potential energy surface and/or mixing of the internal coordinates in the ground-state normalmode descriptions makes it difficult to discern whether or not the short-time photodissociation dynamics of the trans and gauche conformers of 1-iodopropane are significantly different from one another. In order to find the relative contributions of these two effects and obtain the short-time photodissociation dynamics of the trans and gauche conformers of 1-iodopropane in terms of easy to visualize internal coordinate changes during the initial stages of the C-I bond cleavage process, one needs to undertake a quantitative resonance Raman intensity analysis which uses the normal-mode descriptions of the Franck-Condon active modes.
C. Simulations of absorption and resonance Raman spectra
The simple model described in Sec. III and the parameters listed in Table III in Eqs. ͑1͒ and ͑2͒ were used to simulate the absorption and resonance Raman cross sections. Since fundamental Raman peaks are susceptible to preresonant-resonant interference effects from higher energy excited states, 29, 32, 67, 73 we have placed more weight on fitting the larger overtone and combination bands. Similarly, we have placed more weight on excitation wavelengths that are nearer to the absorption band maximum since these resonance Raman spectra are less likely to have any noticeable contributions from the typically weak 1 Q 1 and 3 Q 1 transitions located near the blue and red edges of the A-band absorption spectra of iodoalkanes. We have used both a twoand three-mode calculation for the gauche conformation because we cannot rule out the possibility of a small amount of Franck-Condon activity of the nominal CCI bend ( 26 ) for the gauche conformer. The first combination band ( 23 ϩ 26 ) of this mode with the nominal C-I stretch ( 23 ) could have a small amount of intensity, ϳ700 cm Ϫ1 , in the experimental resonance Raman spectra, but it is not obvious if this combination band is present. We can place a reasonable upper limit on the Franck-Condon activity of this mode ͓the nominal CCI bend ( 26 ) for the gauche conformer͔, and the three-mode calculation shows what the likely maximum contribution of this mode is to the resonance Raman spectra. The calculated trans and gauche absorption and resonance Raman cross sections were appropriately weighted ͑45.3% for trans and 54.7% for gauche͒ and then added together to obtain the total absorption and resonance Raman cross sections for comparison to the experimental cross sections. Figure 4 shows the comparison of the experimental absorption spectrum ͑solid line͒ with the sum ͑dashed line͒ of the calculated trans ͑dotted line͒ and calculated gauche ͑dashed-dot line͒ absorption spectra. There is reasonable agreement between the calculated and experimental absorption spectra, taking into account that the dominant 3 Q 0 transition probably contributes ϳ70% -90% of the oscillator strength of the experimental absorption band, similar to what has been found for other iodoalkanes. Figure 5 and Table II present a comparison of the calculated trans ͑three-mode͒ and gauche ͑two-mode͒ resonance Raman cross sections with the experimental Raman cross sections. There is reasonable agreement between the calculated and experimental Raman cross sections for most of the Raman features. There are some noticeable differences for some of the fundamental Raman peaks, which is probably due to some preresonantresonant interference that has been observed in many iodoalkane resonance Raman spectra. 29, 32, 67, 73 The 1187 cm Ϫ1 Raman peak ͑trans-2 14 and 2 15 ϩ 14 ͒ probably has some contribution from a preresonant fundamental peak that is strong in the 217.8 nm resonance Raman spectra ͑see Fig. 2͒ . This can account for most of the difference between the calculated and experiment Raman cross section of the 1187 cm Ϫ1 Raman peak. Using the three-mode gauche calculation gives a very similar calculated and experimental Raman cross section comparison to the calculations using two modes for the gauche conformer. Addition of the third mode ( 26 ) for the gauche conformer leads to some improvement in the calculated and experimental agreement for the 201 cm Ϫ1 Raman feature, but otherwise has mostly a small perturbation on the results that use the gauche two-mode calculation. This is not unexpected, since most of the Raman intensity of the gauche conformer can be accounted for by the dominant two modes ͓the nominal C-I stretch ( 23 ) and the nominal CCC bend ( 24 )͔. A noticeable difference in the two-mode versus the three-mode calculation is the change in the amount of the damping parameter ͑250 cm Ϫ1 for the twomode calculation and 70 cm Ϫ1 for the three-mode calcula-tion͒ needed to best fit the absolute Raman cross sections. This and the similarity of the two-mode versus three-mode gauche conformer calculated resonance Raman cross sections suggests that the third mode ( 26 ) for the gauche conformer has some Franck-Condon activity but that its contribution to the overall resonance Raman spectra is relatively small. Our overall agreement for the experiment and calculated absorption and resonance Raman cross sections appears reasonable considering the simple model and approximations used in our calculations ͑see the calculations, Sec. III͒. While the model and calculations are not the most accurate description of the 1-iodopropane A-band absorption spectrum and resonance Raman cross sections, these simulations do provide a reasonable approximation to extract the major differences and/or similarities of the trans and gauche conformers excited state dissociation dynamics in the Franck-Condon region in a quantitative way. The best fit normal-mode displacement parameters ͑⌬͒ for the simulations are given in Table III in terms of dimensionless normal coordinates and these parameters can be used to find the excited state dynamics in the Franck-Condon region for both the trans and gauche conformations.
D. Short-time photodissociation dynamics and conformation effects
We have used the normal-mode descriptions of the Franck-Condon active modes in Eqs. ͑3͒ and ͑4͒ to find the short-time photodissociation dynamics of trans and gauche 1-iodopropane in terms of easy to visualize internal coordinates. The ͗ f ͉0(t)͘ overlaps that help determine the calculated resonance Raman intensities typically attain their maxima around 5-10 fs after photoexcitation and we have therefore chosen 10 fs as the time we will inspect the shorttime photodissociation dynamics. There are 2 n possible sign combinations of the normal coordinate displacements of the Franck-Condon active modes that are equally consistent with the results of the resonance Raman intensity analysis. The reader is referred to several recent review articles on resonance Raman intensity analysis for a discussion of the problem of choosing the signs of the normal-mode Table III in Eq. ͑2͒ and the model described in Sec. III. displacements. 85, 86 Because the C-I bond is broken in a direct photodissociation reaction mechanism, we will assume that the C-I bond becomes longer upon photoexcitation. This will eliminate half of the 2 n possible sign combinations for the normal-mode displacements and leaves us with four possible sign combinations ͑Ϫ⌬ C-I , and Ϯ⌬ CCC , and Ϯ⌬ CCI ͒ for the trans conformation short-time dynamics and two ͑Ϫ⌬ C-I , and Ϯ⌬ CCC ͒ or four ͑Ϫ⌬ C-I , Ϯ⌬ CCC , and Ϯ⌬ CCI ͒ possible sign combinations for the gauche conformation short-time dynamics. Table IV displays the range of internal coordinate displacements found at 10 fs after photoexcitation for the most probable sign combinations of the normal-mode displacements for the trans conformer of 1iodopropane and the gauche conformer ͑two-mode and three-mode calculation͒ of 1-iodopropane. The gauche internal coordinate displacements in Table IV are almost the same for the two-and three-mode calculations since the third mode ͑the nominal CCI bend͒ makes a small contribution to the overall resonance Raman spectra and associated shorttime dynamics. Figure 6 shows the geometries of trans and gauche 1-iodopropane which can be used to help visualize the internal coordinate changes listed in Table IV. For Table  IV and the discussion of the internal coordinate dynamics presented in this section, we have used C to represent the ␣-carbon atom attached to the iodine atom, B to represent the ␤-carbon atom attached to the ␣-carbon atom, and G to represent the methyl group carbon atom attached to the ␤carbon atom.
Inspection of Table IV shows that the short-time photodissociation dynamics of the trans and gauche conformers of 1-iodopropane are significantly different from one another. In particular, the torsional motion (xGBx) about the GB carbon-carbon bond changes to a large extent in the gauche conformer ͑by about Ϫ7.6 to Ϫ10.2 deg at 10 fs͒, while this motion does not appear to be significant in the trans conformer. This is probably due to the position of the C-I bond relative to the plane of the three carbon bonds of the n-propyl group. For the trans conformation, the C-I bond is in the plane of the three carbon atoms of the n-propyl group and the C-I bond cleavage tends to lead primarily to changes in the internal coordinates in the initial plane defined by the three carbon atoms. For the gauche conformation, the C-I bond cleavage can give significant motion of the ␣-carbon atom out of the initial three carbon atom plane and give rise to the large change in the xGBx torsional motion. In addition to the trans and gauche conformations of 1-iodopropane having very different initial dynamics for the xGBx torsional motion, the two conformations also give rise to dramatically different dynamics for the three carbon atom angle internal coordinate (ЄGBC): for the trans conformation, the GBC angle changes by about Ϫ5.1 to Ϫ8.7 deg at 10 fs, while for the gauche conformation, the GBC angle changes by about ϩ2.8 to ϩ7.4 deg. The different positions of the C-I bond relative to the initial three carbon atom plane can also help explain the very different initial changes of the three carbon atom angle (ЄGBC). For the trans conformation, the initial C-I bond breaking pushes the ␣-carbon atom in the same three carbon atom plane so that the three carbon atom angle becomes noticeably smaller (ЄGBC). However, the gauche conformation initial C-I bond breaking pushes the ␣-carbon atom out of the initial plane of the three carbon atoms and causes the three carbon atom angle (ЄGBC) to become larger. The trans and gauche conformation initial photodissociation dynamics also differ significantly in the BCH 10 angle ͑ϩ0.3 to ϩ1.2 deg for trans and ϩ3.9 to ϩ5.3 deg for gauche͒, the H 6 BC angle ͑Ϫ0.5 to ϩ0.9 deg for trans and Ϫ5.6 to Ϫ7.1 deg for gauche͒ and the carbon-carbon bond lengths ͑Ϫ0.005 to Ϫ0.014 Å for trans and ϩ0.003 to ϩ0.008 Å for gauche͒. These differences for the BCH 10 and H 6 BC angles can probably also be attributed to the relative position of the C-I bond relative to these internal coordinates and the C-I bond breaking pushing the ␣-carbon atom into the rest of the n-propyl group. It is not entirely clear what is the most probable reason for the different carboncarbon bond lengths in the two different conformations. The C-C bond becomes somewhat smaller 67 for iodoethane during the initial photodissociation dynamics and the C-C bond length becomes closer to that of the ground state of the ethyl radical. On the other hand, the C-C bond becomes somewhat larger 76 for 2-iodopropane and 2-methyl-2-iodopropane during the initial photodissociation dynamics, and the C-C bond lengthens more relative to that of the ground state of the isopropyl and tert-butyl radicals. The different behavior of the C-C bond length for the iodoethane molecule compared to the 2-iodopropane and 2-methyl-2-iodopropane during the initial photodissociation dynamics of the C-I bond cleavage shows a correlation with the degree of internal excitation of the alkyl radical photoproduct. An analysis of some time-of-flight translational spectroscopy experimental data 6 indicated no noticeable difference in the energy partitioning of the trans and gauche conformations of 1iodopropane. However, the time-of-flight translational spectroscopy experiments only indicate that the total internal energy distribution ͑rotational energy and sum of vibrational energy in 3N-6 modes͒ is similar for both trans and gauche conformations. It is possible that the distribution of energy partitioning along the different 3N-6 vibrational modes could be noticeably different for the trans and gauche conformation while giving rise to a similar total internal energy distribution for both conformations. The different C-C bond length changes for the trans and gauche conformations of 1-iodopropane during the initial C-I bond cleavage found from our resonance Raman intensity analysis could possibly be due to a different amount of internal excitation along the C-C bond for the two conformations and/or some other cause.
The trans and gauche conformations of 1-iodopropane exhibit similar short-time photodissociation dynamics for the BCI angle changes, the C-I bond length changes, and the changes in most of the remaining internal coordinates. It is not very surprising that the C-I bond cleavage initial dynamics for trans and gauche 1-iodopropane for the BCI angle is similar, since the relative position of the C-I bond rotated about the B-C bond makes no difference to this internal coordinate. The similar C-I bond length changes for the trans and gauche conformations suggest that the energy partitioned to internal excitation of the n-propyl radical is similar for both conformers ͑insofar as the initial dynamics can be correlated to the internal energy of the n-propyl radical fragment͒, and this is consistent with the results of time-offlight translational spectroscopy experiments 6 that indicated no noticeable difference in the energy partitioning of the trans and gauche conformations of 1-iodopropane. The changes in the BCH 10 and BCH 9 angles at 10 fs are consistent with the ␣-carbon group of the n-propyl radical moving toward a more planar structure similar to the short-time dynamics found for other iodoalkanes. 67, [72] [73] [74] [75] [76] Several recent molecular beam studies have shown noticeable conformational effects on the branching ratio of C-C and C-X bond cleavage in bromoacetone 90 and chloroacetone 91 in which there are conical intersections in the excited electronic states. A molecular beam study on iodocyclohexane measured the translational energy of the I and I* fragments formed from A-band photodissociation and found that the cyclohexyl radical formed from the equatorial conformation receives more internal excitation. These molecular beam experiments measured the anisotropies and translational energy distributions of the photofragments which are sensitive to the potential energy surface͑s͒ from the Franck-Condon region to full separation of the fragments far from the Franck-Condon region. Our present resonance Raman intensity analysis investigates the Franck-Condon region part of the excited potential energy surface at the vibrational mode-specific level and shows that the trans and gauche conformations have significantly different dynamics in the initial stages of the photodissociation. This conformation dependent initial dissociation dynamics can also contribute to different conformations exhibiting different behavior in nonadiabatic curve crossing phenomena. The curve crossing probability will also have some dependence on the energy partitioned to internal excitation of the fragments: as more of the available energy of the photodissociation goes into internal excitation of the photofragments there will be less energy going into translation of the photofragments, and the curve crossing probability increases. It would be very interesting to examine the Franck-Condon region dynamics of molecular systems such as bromoacetone 90 and chloroacetone 91 in order to see if there are conformation dependent short-time dynamics and whether or not this also plays a role in the final outcome of the reaction.
Our resonance Raman intensity analysis of 1iodopropane indicates that there are very significant differences in the excitation of several internal coordinates ͓the torsional motion (xGBx) about the GB carbon-carbon bond, the GBC angle, the BCH 10 angle, the H 6 BC angle, and the C-C bond lengths͔ for the trans and gauche conformers. This suggests that the A-band C-I bond cleavage in the trans and gauche conformers leads to different amounts of internal excitation along the different vibrational modes of the n-propyl radical insofar as the initial photodissociation dynamics determines the degree of internal excitation of the alkyl radical photoproduct. It would be very interesting to carry out vibrational mode-specific experiments ͑similar to those already done for iodomethane͒ to measure the vibrational and rotational state distributions of the n-propyl radical. This could investigate how the initial photodissociation dynamics of the trans and gauche conformations correlate to the vibrational and rotational excitation of the n-propyl radical photoproduct. Theoretical work on the trans and gauche conformers of 1-iodopropane would also help to further explore the effects of conformation on direct bond dissociation reactions. We plan to reexamine the gas phase 1-iodopropane system and compare a gas phase resonance Raman intensity analysis to the present solution phase spectra in order to investigate whether or not there are noticeable conformation dependent solvation effects.
